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_____________________________________________________________________________________________ 
Abstract 
It is well known that people suffering from visual impairments face many difficulties in travelling independently. Due to this, 
they rely on some form of external aids, which include a variety of tools and techniques like a stick. Such tools are called 
Electronic Travel Aids (ETA). Sometimes even with the use of this stick, the safety of the blind person is not guaranteed. The 
stick may not always detect all the obstacles in the path. . The objective of this project is to build a blind man stick that can detect 
obstacles, potholes and thus help the blind person travel independently. The system is constructed using ultrasonic sensors, a 
Programmable Interrupt Controller (PIC 16F877A) that has an On-chip Analog-to-Digital Converter (ADC), a vibrator, buzzer 
and a power supply. The software used in this system includes Embedded ‘C’, Pickit 2 Programmer, MPLAB. 
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_______________________________________________________________________________________________________ 
1. Introduction 
Visually impaired people require an efficient method to move around independently. Recently, many techniques 
have been developed to help the blind move freely in a dynamic environment as well. These tools are called ETA  
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and rely largely on signal processing and sensor technology. ETAs mainly have 2 types of input systems, namely, 
the sonar input system and the camera input system. All existing systems inform the blind about the presence of an 
object in front of them if it is too close to them. [2] This allows them to change their direction. However additional 
information about the shape, width etc of the object will allow them to avoid these obstacles more efficiently. 
Hence, we have proposed a simple design that will help the blind move without any human support, outdoors as 
well as indoors and is very suitable for real time applications. [3] 
2.  Review of Literature 
We will look into the working of the system and the components used in detail in the following sub-sections. 
2.1 Working and block diagram 
The main components of the system are the ultrasonic sensors used. The user’s stick has three ultrasonic sensors 
attached to it. One ultrasonic sensor is attached to the front of the stick to detect obstacles ahead of the person, and 
the other two sensors are placed on either side of the stick to detect obstacles on the left and right of the person 
holding the stick. While the user moves the stick forward , the ultrasonic sensor will scan the area in its range (3cm - 
4m) and an obstacle (if any) is detected.[4] The ultrasonic sensors send out waves and depending on the time taken 
for the waves to return it determines if the person is too close to the object or not. This output is then given as input 
to the microcontroller. The on-chip ADC converts this input analog signal to a digital signal which can be read by 
the microcontroller. The digital signal given to the microcontroller is used to calculate the distance of the obstacle 
detected in the path. If the distance is below the given threshold the microcontroller will send a signal to the vibrator 
and buzzer which will warn the blind person that he/she is too close to an obstacle and need to change the direction 
of their path. The entire controlling unit is fixed to the hand stick. Figure 1 shows the block diagram of the proposed 
system. 
 
Fig.1. Block diagram of the proposed system 
 
2.2 Pothole Detection 
 
A visually impaired person will find it difficult not only to detect the different obstacles in his/her way but may find 
it almost impossible to detect potholes while walking on the road. This becomes a problem, especially in a country 
like India where there are abundant potholes on the road. Thus we thought it was necessary to implement a pothole 
detection mechanism in our system. Pothole Detection can be done in two ways, as follows: 
560   Anuj Parikh et al. /  Procedia Computer Science  45 ( 2015 )  558 – 563 
 
 
2.2.1. Ultrasonic Sensor 
Ultrasonic sensor is used to measure the distance of the object it is attached to from the obstacle. Now to detect 
potholes this sensor can measure the distance between the stick and the ground and anytime the distance increases it 
will be because the ground is uneven or a pothole is present. Therefore, potholes can be detected. 
 
2.2.2. Accelerometer Sensor 
 
The accelerometer sensor commonly used as an inertial sensor. It is a dynamic sensor. They are used As a sensor to 
measure inclination, tilt, or orientation. The response time of an accelerometer is low. The pothole is characterized 
based on vibrations. The maintenance cost of an Accelerometer Sensor is low Thus it would be ideal for pothole 
detection. 
If the device is stationary, it will show some reading with respect to the Earth’s gravitational force (g). However, if 
this device is falling freely through vacuum it will show a reading of 0. 
Accelerometers usually have a simple design. One of the examples of a simple accelerometer design is that of a 
stone hanging from a thread and a sensor attached to detect the deflection of the stone from its original position. 
thus, generally when it is on flat ground the stone will have zero to minimal deflection. However when the stick is 
on a pothole the deflection of the stone is increased thus detecting the pothole.. Vibration or inclination can be 
measured using this device.[2] 
Acceleration along three perpendicular axes can be measured using the accelerometer sensor. Acceleration of up to 
6g can be measured. Vertical (z) axis readings are generally a measure of pothole induced vibrations. The pothole 
can be characterized based on the magnitude of change in reading of the accelerometer sensor. The severity of the 
pothole can be measured directly using the readings of the accelerometer sensor, hence no calculations are required 
in this method.  
 
Disadvantage - The stick must actually be over the pothole for it to detect the pothole.   
2.3 Programmable Interrupt Controller (PIC 16F877A) 
The system is equipped with an advanced microcontroller to increase the response speed and to decrease 
computational complexity. PIC 16F877A is used detect any switch triggered. Audio sounds and vibrations are 
generated by this PIC. The program stored in the memory of the PIC is executed when this microcontroller is 
switched on. [1] A set of instructions are stored on a single integrated circuit. The PIC is a small computer that 
comprises a processor core, memory, and programmable input/output peripherals. A MicroC programming code is 
installed on the PIC, which is an important part of the proposed system. PIC 16F877A has an On-chip ADC, thus 
the conversion of the analog signals received by the sensors to digital signals is done by the microcontroller itself. 
The digital signal obtained is used for calculating the distance of obstacle in the path of the blind person. This 
system is advantageous compared to the other systems that use a separate microcontroller, ADC, memory, I/O 
devices and other features like low cost and small size. A +5V power supply is used to operate the PIC. If the input 
voltage to the PIC exceeds +5V, it can be maintained at +5V using a voltage regulator (L7805). The program is 
executed using a crystal oscillator without which the PIC cannot run. A high frequency oscillator is used as the PIC 
is a real-time processing element. 
 
The PIC16F877A is an 8-bit micro controller having 40 pins, out of which 2 pins are used for Vcc, 2 pins for 
ground, 2 pins for crystal oscillator, 1 pin for reset and all other pins are used as I/O pins. This micro controller has 5 
ports, as shown in Fig. 2. It’s main features are as follows, 256 bytes of EEPROM data memory, 8 channels of 10-
bit Analog-to-Digital (A/D) converter, an ICD, 2 Comparators, self-programming, 2 capture/compare/PWM 
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functions, the synchronous serial port can be configured as either 3-wire Serial Peripheral Interface (SPI™) or the 2-
wire Inter-Integrated Circuit (I²C™) bus and a Universal Asynchronous Receiver Transmitter (USART). [1] 
 
Fig 2. Pin diagram of PIC 16F877A 
2.4 Ultrasonic Sensor 
The 28015 ultrasonic also known as The PING sensor is a 3 pin sensor that can detect obstacles in the range of 2cm-
400cm (4 meters). It is very easy to connect to the microcontroller using only 1 I/O pin. 
Features 
•Supply Voltage – 5 V (DC) 
•Supply Current – 30 mA typ; 35 mA max 
•Range – 2 cm to 4 m 
•Input Trigger – positive TTL pulse, 2 uS min, 5 μs typ. 
•Echo Pulse – positive TTL pulse, 115 uS to 18.5 ms 
•Echo Hold-off – 750 μs from fall of Trigger pulse 
•Burst Frequency – 40 kHz for 200 μs 
•Burst Indicator LED shows sensor activity 
•Size – 22 mm H x 46 mm W x 16 mm D (0.84 in x 1.8 in x 0.6 in) 
 
Pin Definitions: 
1) VCC- 5V (DC) 
2) GND 
3) SIG- Signal I/O 
 
Fig 3.Pin diagram and working of an ultrasonic Sensor 
 
562   Anuj Parikh et al. /  Procedia Computer Science  45 ( 2015 )  558 – 563 
 
 
The sensor emits sound waves in the ultrasonic range by converting electrical signals to sound signals. If no 
obstacles are present, these waves pass without reflection. However, in case of an obstacle being present, the waves 
undergo reflection from the obstacle and return to the sensor. The sensor provides an output signal whose duration is 
equal to the time required by the echo signal to return. Hence, by measuring the width of the output pulse, the 
distance of the obstacle can be calculated.       
 
Fig 4.Signal Generation in the ultrasonic sensor 
 
 
Time = Width of Echo pulse, in uS (micro second) 
Distance = (Speed * Time) / 2 
● Distance in centimeters = Time / 58 
● Distance in inches = Time / 148 
● Speed of sound = 340m/s 
 
3. Conclusion 
In this paper we have discussed the problems a blind person faces and tried improving on them by designing an 
efficient system that allows them to move around independently. This system is capable of detecting potholes as 
well. We use three ultrasonic sensors to detect the distance of the person from the object, a PIC with and an on-chip 
ADC and an accelerometer sensor. The sensors have been utilised fully to ensure safe and secure mobility of the 
visually impaired people. Since three sensors are used, objects can be detected in front of the person as well as on 
either side. This system is easy to use and does not require any sort of training. Also it addresses some of the 
problems faced by the blind people that are not taken into account by other ETAs. It is not very expensive and easy 
to carry around.    
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